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Description 

1. Title of Invention 
Semiconductor memory device 

2. What is claimed is: 

1 . A semiconductor memory device comprising: 

a memory element circuit consisting of a plurality of memory elements; and 
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a plurality of address decoders that divide said memory element circuit into a plurality of 
blocks in units of addresses and that specify an address while duplicating the memory elements 
in each block in block order. 

3. Detailed Explanation of the Invention 

The present invention relates to a semiconductor memory device that is dedicated to reading 
data. 

The appearance of the MOS semiconductor memory device enabled the provision of large- 
scale electronic systems at low cost. Good examples of this are the small electronic calculator 
and the microcomputer system. The above-mentioned microcomputer system typically comprises 
a timing generator, a RAM, a ROM, a program counter, an instruction decoder, an ALU 
(Arithmetic and Logic Unit), and various registers, etc. 

1 

The above-mentioned ROM stores the program that runs this system. As the scale of these 
systems becomes larger, greater capacities and faster speeds are desired for the above-mentioned 
ROM. When a microcomputer comprises CMOS LSIs (Complementary MOS Large Scale 
Integrated Circuit), and the above-mentioned ROM is a p-channel FET, two types of ROM can 
be considered, a positive logic Nor ROM that connects the memory cells serially for output and a 
positive logic Nand ROM that connects the memory cells in parallel for output. When Al gate 
FETs are used, a higher degree of integration can be attained with the positive logic Nor ROM 
than with the positive logic Nand ROM, and further, even when higher degrees of integration by 
scaling are considered, the positive logic Nor ROM, which does not require long output signal 
lines, is superior to the positive logic Nand ROM. In addition, the positive logic Nor ROM is 
also superior from the viewpoint of power consumption. Nevertheless, the positive logic Nor 
ROM, which connects memory cells serially for output, has the disadvantage that operating 
speeds are slow because current must flow through FETs extending along several tens of stages. 
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Figure 1 shows a dynamic ROM according to the prior art that has a positive logic Nor ROM 
configuration. 
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Typically, a dynamic ROM comprises a memory cell matrix 2 wherein a memory cell 
consists of a plurality of FETs \\ ... lj ... 1„, an address decoder 3 that selects address lines Ao - 
A n of the memory cell matrix 2, a column decoder 4 that selects column lines Co - C m , a 
precharge FET 5, and discharge FETs 6 0 - 6 m . Excluding the above-mentioned FET 5, the other 
FETs are all p-channel FETs; FET 5 only is an n-channel FET. 

Given this type of ROM, let use the case where the data at, for example, address 0 and 
column 0 is read. First, a clock pulse 9r that is input to the gate of precharge FET 5 and each of 
the gates of discharge FETs 6 0 - 6 m changes to the 1 level (+V D d level). At this timing, line Ao 
only changes to the 1 level, line Q> only of the column lines is turned on, the 0 level (-V D d level) 
is output through the FET 5 and out the drain, the FET5 drain, that is, point A. 

3 

Next, when 8r changes to the 0 level, the FET 5 , which has been until this point, is turned off 
Since at this time, the FET li within the memory cell matrix 2 that ahs the 1 level signal from the 
address line Ao as its gate input is turned off, point A remains as is at the 0 level and the 0 level 
is output as data. Following this, data is read sequentially until address 0, column M is reached. 
Because there is no FET in this portion of the memory cell matrix 2, when 9r inverts from the 1 
level to the 0 level , the 0 level signal from point A changes to the 1 level and the 1 level is 
output as data. In this type of prior art dynamic ROM, when the 1 level is read as data, the 
discharge current must flow through many FETs to the +Vdd side, and as a result, the operating 
speed becomes slow. 

4 

Here, if the maximum operating frequency of the above-mentioned ROM is assumed to be no 
more than one-half compared to the maximum operating frequencies of the other circuits such as 
the RAM, the program counter, etc., when a microcomputer that is configured using this ROM, 
the maximum operating frequency of the system overall matches the maximum operating speed 
of the ROM, so that the operating frequency of the system is low. 

With the foregoing in view, an object of the present invention is to provide a semiconductor 
memory device that is capable of faster operation. 

An embodiment according to the present invention is explained below with reference to the 
drawings. Figure 2 shows a configuration diagram of one embodiment of a semiconductor 
memory device according to the present invention. A dynamic ROM similar to that of the prior 
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art is illustrated here. In the figure, 1 1 and 12 are each a memory cell matrix wherein a plurality 
of FETs form the memory cells. Even-numbered addresses are assigned to each of the FETs in 
the memory cell matrix 1 1 on one side while odd-numbered addresses are assigned to each of the 
FETs in the memory cell 12 on the other side. 

5 

That is, the above-mentioned memory cell matrixes 1 1 and 12 comprise two blocks according to 
whether the FETs in the memory cell matrix is assigned a even address or an odd address. An 
address decoder 13 selects address lines Ao - A2K of the memory cell matrix 1 1 of the block that 
has been assigned the above-mentioned even addresses and an address decoder 14 selects 
address lines Ai - A 2 k+i of the memory cell matrix 12 of the block that has been assigned the 
above-mentioned odd addresses. A column decoder 1 5 operates synchronously with the above- 
mentioned address decoder 13 and selects column lines Co - Cm of the memory cell matrix 1 1 . In 
addition, a column decoder 16 operates synchronously with the above-mentioned address 
decoder 14 and selects column lines Co - Cm of the memory cell matrix 12. Additionally, an FET 
1 7 is the precharge FET of the memory cell matrix 1 1 of the even address block and FETs 1 8 0 - 
1 8 M are discharge FETs. Moreover, an FET 19 is the precharge FET of the memory cell matrix 
12 of the odd address block and FETs 20o - 20m are discharge FETs. 
6 
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A clock pulse 9ro is supplied to the above-mentioned FETs 17 and I80 - 18 M , and a clock pulse 
9ri that is 180 degrees out of phase with the clock pulse 8 R o is supplied to the above-mentioned 
FETs 19 and 20 0 - 20m. A clocked inverter 21 that uses a clock pulse OsEtas a synchronization 
signal is connected to a drain D of the above-mentioned FET 1 7. A clocked inverter 22 that uses 
a clock pulse 6sel that is the inverted signal of the clock pulse 9sfx as a synchronization signal is 
connected to a drain D of the above-mentioned FET 19. The output sides of the above-mentioned 
clocked inverters 21 and 22 are connected in common and this common connection point A is 
the data output point. The FETs other than the above-mentioned FET 17 and 19 are all p-channel 
types, while the FET 17 and 19 are n-channel types. 

Next, the operation of the above-mentioned device is explained with reference to the timing 
chart shown in Fig. 3. 
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First, address 0, column 0 of the memory cell matrix 1 1 is specified by the address decoder 13 
and the column decoder 15 on the even address side. During the period Tj which is the first half 
of the period during which the above-mentioned address decoder 13 is specifying the address 0, 
the clock 9 R0 is at the 1 level (+V D d level). While the above-mentioned pulse 0ro is at the 1 
level, the address line Ao only of the memory cell matrix 11 is at the 1 level, the column line Co 
only is turned on, and the 0 level (-V D d level) is output through the precharge FET 1 7 to the 
drain D of the FET 17. Next, during the period T 2 which is the second half of the period during 
which the above-mentioned address decoder 1 3 is specifying the address 0, the clock pulse 0ro is 
inverted to the 0 level. When the pulse 9 R0 changes to the 0 level, the FET 17, which has been on 
hitherto, is turned off. At this time, because there is an FET at the address 0, column 0 position 
of the memory cell matrix 1 1 and because the 1 level signal on the address line Ao is input to that 
gate, the FET is turned off. 
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Accordingly, the drain D of the FET 1 7 remains as is at the 0 level even if the pulse 0 RO goes to 
the 0 level. In addition, when the pulse 0 RO is at the 0 level, the pulse 0 S el goes to the 1 level. As 
a result, the clocked inverter 21 operates and the inverse data from address 0, column 0 is output 
to data output point A. 

On the other hand, from the period T2, which is the second half of the period during which 
the address decoder 13 is specifying the address 0, the address 1, column 0 of the memory cell 
matrix 12 is specified by the address decoder 14 and the column decoder 16 on the odd address 
side. In other words, the address output periods of the address decoders 13 and 14 overlap by a 
half cycle. During the period T2, which is the first half of the period during which the above- 
mentioned address decoder 14 is specifying the address 1, the clock pulse 0ri is at the 1 level. 
While the above-mentioned pulse 0ri is at the 1 level, the address line Ai only of the memory 
cell matrix 12 is at the 1 level, the column line Co only is turned on, and the 0 level is output 
through the precharge FET 1 9 to the drain D of the FET 1 9. 

9 

Next, during the period T2 which is the second half of the period during which the address 
decoder 14 is specifying the address 1, the clock pulse 0 RJ is inverted to the 0 level. When the 
pulse 0 R i changes to the 0 level, the FET 1 9, which has been on hitherto, is turned off. At this 
time, because there is an FET at the address 1 , column 0 position of the memory cell matrix 1 2 
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and because the 1 level signal on the address line Ai is input to that gate, the FET is turned off. 
Accordingly, the drain D of the FET 19 remains as is at the 0 level even if the pulse 6 R i goes to 
the 0 level In addition, because the pulse 9sel is at the 1 level when the pulse 8ri is at the 0 
level, the clocked inverter 22 operates and the inverse data from address 1, column 0 is output to 
data output point A. 

Thereafter, the two address decoders 13 and 14 specify sequential addresses while 
overlapping their address output periods by half a cycle, and as a result, data can be read twice 
the speed in comparison with the case of address specification by a single address decoder. 

10 
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Note that in cases where addresses are not specified sequentially, as in the case of branch 
instructions, data must be read at half the speed of sequential specification, that is, at the original 
speed. However, whether an instruction is a branching instruction or not can be decided easily 
using the output of an instruction decoder. Moreover, in the case of branch instructions, the clock 
pulses 0ro, 9ri, 9sel, and Qsel can be initialized by a simple gate circuit, allowing branch 
destination addresses to be specified without error. 

The present invention is not limited to the above-mentioned embodiment. For example, the 
above-mentioned embodiment explained the case when the FETs in a memory cell matrix were 
divided into two blocks off even-numbered addresses and odd-numbered addresses respectively, 
but the memory cell matrix may be divided into any number of blocks and the speed of data 
reading will increase with the increase in number of blocks, 

11 

Further, the above-mentioned embodiment explained the case of a dynamic, positive logic 
Nor ROM using p-channel FETs, but needless to say, the embodiment is possible using other 
types of ROMs. 

Thus, according to the present invention as explained above, a semiconductor memory device 
that is capable of high-speed operation can be provided by dividing the memory elements in a 
memory element circuit into a plurality of blocks and reading data from the memory elements in 
each block in block order using overlapping address specifications by a plurality of address 
decoders. 
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4. Detailed Description of the Drawings 

Figure 1 is a configuration diagram of a dynamic ROM according to the prior art. 

Figure 2 is a configuration diagram of an embodiment according to the present invention. 

Figure 3 is a timing chart showing the operation the above-mentioned embodiment. 

1 1, 12: memory cell matrix; 13, 14: address decoder; 15, 16: column decoder; 17, 19: 
precharge FET; 180 - 18M, 200 - 20M: discharge FET; 

12 

21, 22: clocked inverter 

Agent: Takehiko Suzue, Patent Attorney 
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Fig. 1 

[see source for figure] 

1 . Column decoder 

2. Address decoder 
[end] 
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Fig. 2 

[see source for figure] 

1 . Address decoder 

2. Column decoder 

3. Column decoder 

4. Address decoder 
[end] 
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Fig. 3 

[see source for figure] 

1. Address 0 

2. Address 2 

3. Address 1 

4. Address 3 

5. Datao 

6. Datal 

7. Data 2 

8. Data 3 
[end] 

p. 545 
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